In our attempts to find sulfolane-degrading bacteria, we succeeded in isolating a bacterium from soil in the Ryukyu Archipelago, Japan, that could degrade sulfolane or 3-methyl sulfolane and assimilate it as sole sulfur source. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the novel isolate, designated strain MS4
T , was closely related to the type strains of members of the genus Shinella, order Rhizobiales, class Alphaproteobacteria, with sequence similarities of about 97-98 %. Based on its phenotypic traits, it is proposed that strain MS4 T represents a novel species in the genus Shinella.
Sulfolane (tetrahydrothiophene-1,1-dioxide) has been used in the natural gas sweetening process (Sulfinol process) (Fitzgerald & Richardson, 1966) and the sulfolane extraction process for the production of aromatics (Choi et al., 2002) . Further applications are found in the separation of low-boiling alcohols, fractionation of wood tars, tallow oil and fatty acids, concentration of SO 2 and dehydration. Because of its high water solubility, sulfolane percolates through the soil and becomes a groundwater contaminant (Saint-Fort, 2006) . In addition, the diffusibility of sulfolane is considered to be high, so it is likely to contaminate surface waters or domestic water wells near sour gas plants (Greene & Fedorak, 1998) . Generally, sulfolane is difficult to decompose biologically and there are few reports of micro-organisms that are able to degrade this chemical (Fedorak & Coy, 1996; Kim et al., 1999) . The only exception using a single isolate is a bacterium identified as Variovorax sp., reported by Greene et al. (2000) , which is able to grow in pure culture on sulfolane as sole carbon, sulfur and energy source.
Approximately 200 mg soil taken from the north part of Okinawa main island (Yambaru area) was inoculated into 4 ml AG medium (Matsui et al., 2001 ) with 50 mg 3-methyl sulfolane l 21 as sole sulfur source and the mixture was incubated aerobically by shaking at 180 r.p.m. at 30 u C for 2 weeks. The initial enrichment was transferred into fresh medium of the same composition. This transfer was repeated three times and the enrichment culture was established. Strain MS4 T was isolated from the enrichment on an agar plate [nutrient agar (Oxoid) supplemented with 1 % glucose (NAG)]. Colonies of the isolate on a NAG plate were white and flat with a rough surface. Cells grown in liquid nutrient broth containing 1 % glucose (NBG) were non-spore-forming, oval to short rods, 1.0-1.2 mm wide and 1.6-2.1 mm long (Fig. 1) . Cells had no flagella and showed no motility. Finger-like or amorphous flocculation was not observed in liquid culture. Strain MS4
T grew optimally at 25-30 u C (growth occurred between 15 and 42 uC). The isolate was tolerant of medium supplemented with 2 % NaCl (w/v), but could not grow in medium containing 4 % NaCl.
Oxidation of various organic substrates analysed by the Biolog system (GSI Creos) revealed that the cells oxidized various sugars and sugar alcohols aerobically, i.e. adonitol, arabinose, arabitol, cellobiose, erythritol, fructose, fucose, galactose, gentiobiose, glucose, inositol, maltose, mannose, psicose, rhamnose, sorbitol, sucrose, turanose and xylitol. Strain MS4
T also oxidized dextrin, glycogen, Tween 80, Nacetyl-D-glucosamine, acetate, methyl pyruvate, methyl succinate, formate, lactate, malonate, propionate and succinate. However, strain MS4
T did not oxidize acyclodextrin, N-acetyl-D-galactosamine, a-D-lactose, lactulose, melibiose, raffinose, trehalose or cis-aconitate.
Respiratory quinones, cellular fatty acids and DNA G+C content of the isolate were analysed by the methods described by Hanada et al. (2002) . Strain MS4
T contained ubiquinone-10 (Q-10) as the main respiratory quinone. Fatty acid methyl ester analysis of the isolate and the type strains of two related Shinella species revealed that all three strains had a similar fatty acid composition. The main cellular fatty acid in strain MS4
T was C 18 : 1 v7c, which accounted for 67.4 % of total cellular fatty acids (Table 1) . C 16 : 0 (14.8 %) and C 19 : 1 (11.1 %) were also detected as major components and trace amounts of the hydroxy fatty acids C 16 : 0 3-OH and C 14 : 0 3-OH were found. The DNA G+C content of strain MS4 T was 66.4 mol%.
A phylogenetic tree ( Fig. 2 ) based on 16S rRNA gene sequences was constructed by the neighbour-joining method (Saitou & Nei, 1987) with the Kimura twoparameter model as a distance corrector (Kimura, 1980 
Differential characteristics of strain MS4
T and its nearest phylogenetic neighbours, Shinella species and Mycoplana dimorpha, are shown in Table 2 . The isolate and the two Shinella species were similar to each other in terms of utilization of various sugars and sugar alcohols and they could be differentiated from Mycoplana dimorpha by this nutritional feature. However, there were several clear differences between strain MS4
T and the two Shinella species: (i) the novel isolate did not form a finger-like floc in liquid culture, although flocculation was a typical feature of members of the genus Shinella; (ii) Shinella species were motile with flagella, but the novel isolate showed no motility; (iii) the novel isolate lacked b-galactosidase activity, unlike the other Shinella species; and (iv) the novel isolate was not able to grow at pH 10.
Genomic relatedness between the novel isolate and the type strains of the closely related species S. granuli and S. zoogloeoides was determined by DNA-DNA dot-blot hybridization with digoxigenin-labelled genomic DNA (Hänninen et al., 1996; Chambel et al., 2006) ; results are summarized in Table 3 . Hybridization values between the type strains of S. granuli and S. zoogloeoides were 18.1 and 38.6 %; the value reported previously by An et al. (2006) was 33 %. Hybridization values between strain MS4
T and the type strains of these two Shinella species are given in Table 3 . These results suggest that the isolate is genotypically distinct from both S. granuli and S. zoogloeoides (Stackebrandt & Goebel, 1994) .
Based on these phenotypic and phylogenetic comparisons, it is concluded that strain MS4
T represents a novel species in the genus Shinella, namely Shinella yambaruensis sp. nov.
Emended description of the genus Shinella An et al. 2006
Shinella (Shi.nel9la. N.L. fem. dim. n. Shinella named after Yong-Kook Shin, for his contributions to the reclassification of the genus Zoogloea).
The description is as given by An et al. (2006) , with the following changes. Cells are motile or non-motile rods. Most strains form an amorphous or finger-like floc in liquid media, but flocculation is not observed in the type strain of S. yambaruensis. Predominant cellular fatty acids Cells are Gram-negative, non-motile, oval to short rods, 1.0-1.261.6-2.1 mm. Spore formation is not observed. Does not show finger-like or amorphous flocculation in liquid culture. Catalase-, oxidase-and b-glucosidasepositive. No b-galactosidase is produced. Strictly aerobic. Growth occurs at 15-42 uC and pH 4-9. Freshwater species, but able to grow in the presence of 2 % NaCl. L-Arabinose can support growth. Can assimilate sulfolane or 3-methyl sulfolane as sole sulfur source. Cells oxidize the following substrates: glycerol, erythritol, L-arabinose, (Thompson et al., 1994) was used to align the 16S rRNA gene sequences. The tree was constructed on the basis of evolutionary distances calculated by using the neighbour-joining method (Saitou & Nei, 1987) with the Kimura two-parameter model (Kimura, 1980) . Neighbour-joining analysis was performed with the program CLUSTAL W. Tree topology was also checked by maximum-parsimony and maximum-likelihood methods with the programs in the software package PHYLIP, version 3.6 (Felsenstein, 1985) . All gaps in the alignment were excluded; 1351 bases were compared. Bar, 5 nt substitutions per 100 nt. The sequence from Sphingomonas mucosissima CP173-2 T (family Sphingomonadaceae; GenBank accession no. AM229669) was used to root the tree. Bootstrap probabilities higher than 50 % are indicated at the branch points (NJ, neighbourjoining; MP, maximum-parsimony; ML, maximum-likelihood). GenBank accession numbers are shown in parentheses. ), isolated from soil from the Ryukyu Archipelago, Japan. The genomic G+C content of the type strain is 66.4 mol%.
